cells to form the glandular complex [9, 18, 20] . In contrast, there are bicellular abdominal glands which are composed of a secretory cell and a duct cell [25] . Examples are the Koschewnikow glands associated with the sting [17] and tergal glands. Tergal glands, first described by Renner and Baumann [28] , are large subepidermal complexes of glandular cells beneath the posterior edges of abdominal tergites II-V, opening onto the cuticle or intersegmental membrane [4, 6, 12, 25, 26, 33] . These tergal glands were initially only described in queens of European honeybee races [24, 25, 28] , but they have since been found in A. m. capensis workers [6] . Although the structure of these glands was not fully described in this investigation, they indicated that the glands were present in A. m. mellifera queens, A. m. capensis workers and were however very poorly developed, sometimes even absent, in A. m. mellifera workers [3, 6] .
In South Africa there are two contiguous honeybee races, A. m. capensis and A. m. scutellata, the workers of which differ dramatically in relation to worker reproduction, with A. m. capensis workers adopting pseudoqueen positions among workers of other honeybee races [10, 11, 19] . These striking biological differences necessitate a proper morphological determination of the tergal glands in workers of the two African honeybee races, thus allowing comparisons to be made between the structure of worker tergal glands and those of queens.
The ultrastructure of tergal glands has not been described for A. m. scutellata honeybee queens or workers, neither have these glands been fully described for A. m. capensis queens and workers. The present investigation was aimed at highlighting interracial differences regarding the position and structure of the tergal glands. In addition, the size and number of tergal glands in the worker caste of the two African A. mellifera races were compared to ascertain whether the unique features associated with A. m. capensis workers extends to the morphology of their tergal glands.
MATERIALS AND METHODS
Virgin A. m. scutellata (n = 4) and A. m. capensis queens (n = 3) were reared to 6-12 days, when mating would normally take place and tergal gland activity is at its peak [14] . A. m. scutellata workers (n = 7) and A. m. capensis workers (n = 8) were reared to 8-days-old in queenless colonies. Cold (4 °C) 2.5% glutaraldehyde in cacodylate buffer was injected (2-3 ml) directly into the abdominal cavity, through the most anterior intersegmental membrane connecting tergite TI with tergite TII. The tergum (TII-TV) was cut longitudinally into small strips so that each piece contained both tergite and intersegmental membrane. The tissue was dehydrated [21] and embedded in L.R. White acrylic resin or epon araldite [23] .
Thick sections (1 µm) were stained with Toluidine blue and examined by light microscopy (LM) using a Leitz Ortholux II compound microscope with a magnification range of 120-1200x (1 virgin queen of A. m. scutellata and A. m. capensis each, 7 A. m. scutellata workers, and 8 A. m. capensis workers). Serial sections were cut to provide unambiguous gland positioning. Thin sections (90 nm) were stained with uranyl acetate and lead citrate and viewed in a Joel JEM100S transmission electron microscope (TEM). Sections were oriented and cut to show the posterior edge of the preceding tergite, the intersegmental membrane and the anterior edge of the following tergite.
Statistical analysis
The size range of the secretory gland cells present in an A. m. capensis and A. m. scutellata virgin queens was determined by digitising LM sections, using a digitising board membrane. The cuticle forms a "mushroomshaped " apodeme where the membrane inserts onto the anterior edge of the tergite (R in Fig. 1a ) which has been given the name anterior ridge [22] .
Two distinct types of tergal glands are described in this study, denoted type-A and type-B glands (Fig. 1b) . Type-A glands are unicellular and are found predominantly along the anterior edge of tergites II-V (clustered around the anterior ridge) in the workers of both races. Occasionally type-A glands were also found to be associated with the posterior edge in A. m. capensis workers. The type-B tergal glands are bicellular and are primarily restricted to the posterior edge of tergites II-V, in virgin queens and A. m. capensis workers (Figs. 1b, 1e, 1f ).
Type-A gland structure
Type-A glands consist of a single cell and are structurally similar in both A. m. capensis and A. m. scutellata workers. These gland cells are interspersed with fat cells and occasional oenocytes and appear to form a gland cell complex (GC, FC and O in Figs.  1c, 1d ). Type-A tergal gland cells in general are regularly shaped and have well defined centrally situated round or ovoid nuclei, each containing numerous nucleoli; Evident in these gland cells is cisternae of rough endoplasmic reticulum (RER) and numerous mitochondria. The oenocytes are round to ovoid cells with a large well defined nucleus with multiple nucleoli; the cytoplasm contains numerous secretory granules and few RER cisternae. Fat cells have star-shaped nuclei, well developed RER, smooth endoplasmic reticulum (SER) and mitochondria and are packed with lipid droplets, some being electron-dense while others are electron-lucid (Fig. 2a) . In A. m. scutellata workers, there are at least three fat cells for every gland cell along the anterior ridge (Fig. 1c) Confocal microscopy was used to measure the size range of the tergal glands along the anterior edge in A. m. capensis (n = 5) and A. m. scutellata (n = 5) workers. Because of the hierarchical nature of the design, the gland sizes of workers belonging to the two races were compared using square root transformed data in a 3-level nested ANOVA (with tergite nested in worker and workers nested in race) [32] . From this, we established variability among tergites (tergite effect), variability among individual workers (worker effect) and differences between the two races (race effect).
Using LM, the number of glands along the anterior edge and posterior edge (position) were counted for workers of both races (n = 10). The number of glands present along the anterior and posterior edges of workers of both races were compared using √ x + 1 transformed data in a 4-level nested ANOVA. The design incorporated position nested within tergite, tergite nested within individual and individuals nested within race [32] .
RESULTS
Virgin queens and workers of A. m. capensis and A. m. scutellata both possess clearly discernible tergal glands. Tergal glands are localised specifically along the edges of adjoining abdominal tergites. This region can be subdivided into two distinct locations: -i) the posterior edge and ii) the anterior edge. Sequential tergites overlap and are connected via an intersegmental or absent in A. m. scutellata workers. Type-B tergal glands consist of two cells; a secretory cell which has no direct contact with the surface, and a duct cell. The secretory cells are typically round, but some cells can be oval or even elongated (Figs. 1e, 1f) . The secretory cells are nucleated and characterised by a conspicuous end apparatus, with gland cells and fat cells occurring in a ratio of 1:1 (Fig. 1d ).
Type-B gland structure
These subepidermal type-B glands occur in virgin queens of both races and in A. m. capensis workers, but are severely reduced a large number of secretory vesicles, rodshaped mitochondria and SER. The end apparatus, often situated close to the nucleus of the secretory cell, consists of a central ductule surrounded by a large number of secretory vesicles. The duct cells are elongated cells surrounding the secretory ductule. The nucleus is narrow and displays dense chromatin. The cuticle-lined duct, originating in the secretory cell as the end apparatus, continues through the duct cell to the cuticle surface (Fig. 2b) .
Queen tergal glands
Queens of both races possess type-B tergal glands that are situated on the posterior edges of tergites II-V beneath the epidermal layer, along the entire width of the tergite. The glands are present as a single layer in the extreme posterior margin but occur in 2-3 layers anteriorly. The mean secretory cell cross section of the A. m. capensis virgin queen (n = 39 secretory cells) was significantly larger (p = 0.003) than that of the A. m. scutellata virgin queen (n = 39 secretory cells). Specific glands are in contact with the cuticular surface while others make contact with the intersegmental membrane. Oenocytes are occasionally interspersed between the glands but seem more common in the anterior part of each segment. As the glands diminish in number, the oenocytes predominate.
Worker tergal glands
A. m. capensis workers can be separated from A. m. scutellata workers as they possess more type-A glands (p < 0.0001, Tab. I) as well as type-B glands, in all tergites (Fig. 3) . The gland cell numbers for the posterior edge is a total gland number and was calculated by counting both type-A and type-B glands. A. m. scutellata workers possess very few glands along the posterior edge with an average of 0.9 ± 0.6 (se) whereas A. m. capensis workers have an average of 9.3 ± 1.7.
In terms of type-A gland cell size, differences between workers (worker effect) and between races (race effect) were evident (Tab. II). In A. m. scutellata workers the gland cells ranged in size from 255 µm 2 to 1327 µm 2 whereas in A. m. capensis workers, they range from 723 µm 2 to 2200 µm 2 .
DISCUSSION

Type-A glands
Virgin queens and workers of both A. m. scutellata and A. m. capensis possess clearly discernible tergal glands. However, worker honeybees of both races exhibit two structurally distinct types of tergal glands. Type-A tergal gland cells consistently cluster with fat cells and oenocytes to form a complex. These type-A tergal glands do not contact 60 secretion [8, 9, 20] . The oenocytes (packed with secretory granules) are in close proximity to the type-A gland cells and may therefore produce precursors for the tergal glands [7] or even secrete part of the tergal gland pheromone. Nonetheless, specific markers for the precursors of the secretions from these cells would need to be developed in order to elucidate the complete the cuticle directly, but are located beneath the epidermal layer and, according to Noirot and Quennedey [25] , gland cells arranged in this manner are classified as type II gland cells. There is no obvious ductule mechanism of release for the secretion and the mechanism may function in a similar way to the Nasanov and wax gland complexes, with all three cell types producing the glandular secretory pathway. The fat cells are prevalent in the tergal gland complex and are storage/metabolic cells [18] which could be responsible for taking up the precursor molecules produced by the tergal glands and oenocytes, transforming them into functional compounds and delivering the secretion to the outside. The cytoplasm of type-A tergal gland cells contained numerous mitochondria and cisternae of RER, which typifies protein synthesis [5, 8, 9, 29, 30] . It has been demonstrated that honeybee cuticle is coated with proteins but the source of these particular surface proteins is still unclear [35] . It is possible that the type-A tergal glands, described here, are responsible for synthesising the surface cuticular proteins apparent on honeybees.
Type-B glands
The second type of tergal glands, referred to here as type-B glands are bicellular and belong to type III gland cells [4, 25, 26] . They occur on the posterior edge of tergites II to V in A. m. capensis virgin queens, A. m. capensis workers, A. m. scutellata virgin queens, but they are very reduced, or absent, in A. m. scutellata workers. Type-B tergal glands are structurally similar to those tergal glands previously described by Renner and Baumann [28] , Billen et al. [6] and Mota and Cruz-Landim [24] . Similar descriptions of gland cells have been provided for the mandibular glands of honeybee queens [15] , the Koshewnikow glands of honeybees [17] , the tarsal glands of bumble bees [27] , the integument glands of a species of ladybird beetle [1] and numerous glands present in ants [2, 4] . An end apparatus and its microvilli are common in insect gland cells with the vesicle contents often discharged at the base of the microvilli [1, 17, 27] .
The cytoplasmic constituents of the type-B tergal glands are typical of glands producing non-proteinaceous compounds [4, 15] . Hydrocarbons, their derivatives and acids dominate the tergal gland secretions, of virgin queens of European races [16, 31] . Virgin queens from African honeybee races secrete similar tergal gland compounds to those of European races [34] and therefore type-B tergal gland morphology is in concordance with the chemical data.
Caste differences
Workers differ from queens in that they possess type-A glands that are unique to the workers. The function of these secretions in workers, however, still needs to be elucidated. On the other hand, A. m. capensis workers are similar to virgin queens in that they possess type-B glands comparable to those found in queens.
Worker differences
Billen and his co-workers [6] demonstrated that there was a marked difference between the number of type-B tergal glands in A. m. capensis workers compared to A. m. mellifera workers. This study similarly shows that A. m. capensis workers differ from A. m. scutellata workers, in that A. m. capensis workers possess more type-B glands than A. m. scutellata workers. These type-B glands are structurally the same as those found in virgin queens. This interracial difference may be related to the dominant status that these Cape honeybee workers have over workers of other Apis mellifera honeybee races [10, 19] .
Not only do A. m. capensis workers possess queen-like type-B tergal glands but they also possess a greater number and larger type-A gland cells than A. m. scutellata workers. This inter-racial difference with respect to type-A gland cells raises another possibility that A. m. capensis workers secrete a unique surface pheromone compared to A. m. scutellata workers. Together, gland cell number and/or size may be related to the concentration of the secretion released tergales de type A sont présentes le long du bord antérieur du tergite et seulement chez les ouvrières. Elles sont unicellulaires et associées à des cellules adipeuses et des oenocytes (Figs. 3c, 3d et 2a) and when the pheromones crosses a threshold, the pheromone becomes functional thereby eliciting a behavioural and/or physiological response. Cruz-Landim et al. [13] have demonstrated that there is a correlation between queen attractiveness and the degree of development of the tergal glands in Melipona quadrifasciata. If such a system where the rule in honeybees, A. m. capensis workers would be mimicking queens.
The demonstration that A. m. capensis workers possess queen-like tergal glands, which were observed to be greatly reduced or absent in A. m. scutellata workers, indicates that this is a major feature which distinguishes the Cape honeybee worker from other honeybee workers. Exploration of the significance of this difference may prove vital in understanding the mechanisms by which A. m. capensis workers are able to act as social parasites in colonies of other races of honeybees. (Fig. 1a) . Elles sont de deux types (type A et type B, Fig. 1b) 
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